RNA splicing, an essential part of eukaryotic pre-messenger RNA processing, can be simultaneous with transcription by RNA polymerase II. Here, we compare and review independent next-generation sequencing methods that jointly quantify transcription and splicing in budding yeast. For many yeast transcripts, splicing is fast, taking place within seconds of intron transcription, while polymerase is within a few dozens of nucleotides of the 3' splice site. Ribosomal protein transcripts are spliced particularly fast and co-transcriptionally. However, some transcripts are spliced inefficiently or mainly post-transcriptionally. Intron-mediated regulation of some genes is likely to be co-transcriptional. We suggest that intermediates of the splicing reaction, missing from current datasets, may hold key information about splicing kinetics.
Introduction
RNA splicing is an essential process in the maturation of most transcripts produced by eukaryotic RNA polymerase II (Pol II). RNA molecules can be spliced while still being transcribed, as shown by pioneering electron micrography studies of Drosophila embryo transcripts (Beyer et al., 1981 (Beyer et al., , 1988 . Since then, diverse experimental methods have provided extensive support for functional coupling between splicing and transcription (reviewed in Alexander & Beggs, 2010 , Naftelberg et al., 2015 , Alpert et al., 2016 , Saldi et al., 2016 . Evidently, transcription can affect splicing and vice-versa, but how this is achieved and regulated is largely unknown. The speed of splicing varies from gene to gene, depending on the gene. SMIT's positions for near-complete (90%) splicing correlate better with alternative measurements than the positions of onset (10%) or median (50%) splicing.
Importantly, SMIT shows that the second step of splicing is complete on most transcripts when Pol II has moved less than 100 nt beyond the 3'SS, consistent with nascent RNA-seq's measure that the majority of splicing is co-transcriptional ( Fig. 2A) . Also, transcripts that are seen to be spliced fast by 4tU-seq are generally measured as spliced co-transcriptionally by SMIT (Fig. 2B ) and nascent RNA-seq ( Fig. 2C ): in particular, ribosomal protein (RP) transcripts. Transcripts measured by SMIT to be spliced when Pol II is further from the 3'SS appear to be spliced more slowly by 4tU-seq analysis, including the well-characterised ACT1. Furthermore, YRA1, which is negatively auto-regulated by an intron-dependent mechanism (Dong et al 2007; Preker & Guthrie, 2006) , is spliced distally, slowly, and inefficiently ( Fig. 2A,B) . Transcripts that are mostly spliced at steady-state, but have low SMIT saturation values, are candidates for mainly posttranscriptional completion of splicing (Fig. 2D) ; none of these are RPs.
RP transcripts have other distinguishing patterns in these data: they have relatively fewer SMIT 3' end reads in the intron compared to exon 2, despite their longer introns (Figs. 2E, S1 ). This suggests a large decrease in polymerase speed from intron to exon 2, consistent with NET-seq. Furthermore, RP genes have higher U1 occupancy as measured by ChIP-nexus (Harlen et al., 2016) , so that the reported "high U1 occupancy genes" are essentially synonymous with the RP genes ( Fig. 2F) . Notably, the U1 occupancy differs only 3-fold between RP and non-RP genes, which is much less than the difference in mRNA abundance or, presumably, transcription rate. This is consistent with a low dynamic range or high background signal for U1 occupancy as measured by ChIP, but is also consistent with RP transcripts recruiting more U1 but for shorter times, due to their faster splicing.
These assays reveal differences in splicing between paralogous transcripts, for example of the RPS14A and RPS14B genes. It has been shown that excess S14 protein can bind to a stemloop structure in RPS14B pre-mRNA, inhibiting its splicing and leading to its rapid degradation (Fewell and Woolford, 1999) . RPS14B transcripts are spliced very slowly, inefficiently and distally compared to other RPs (Figs. 2A-D); RPS14A was not measured by SMIT, and behaves like most RPs in the other assays ( Fig 2C) .
Some genes are spliced slowly, inefficiently, and/or post-transcriptionally Curiously, some transcripts are apparently spliced slowly or less efficiently, yet close to the 3'SS: SEC27, RFA2, NSP1, ARP2, DBP2, OM14, SAR1, RPL2A, RPS9A , and RPL30 (lower left quadrant in Fig. 2B ). This apparent paradox could reflect the distinction between time and position of splicing: Pol II elongating more slowly or pausing near the 3'SS would allow slow splicing to occur co-transcriptionally. This could be an explanation for proximal splicing of RPL30 and RPL2A transcripts, for which the SMIT saturation value is similar to the fraction spliced at steady state (Fig. 2D) . Alternatively, the proximally spliced RNA may represent only a small fraction of the total, with most being spliced post-transcriptionally, For example, SEC27, ARP2 and OM14 are spliced inefficiently and proximally, but with low SMIT saturation values (Fig. 2D) ; in this respect the assays agree. The apparent discrepancy is caused by dividing the Cold Spring Harbor Laboratory Press on February 3, 2017 -Published by rnajournal.cshlp.org Downloaded from low fraction of proximally-spliced reads by the still-low fraction of distally-spliced reads that indicates mainly post-transcriptional splicing. This conclusion is supported by nascent RNA-seq also measuring a low fraction spliced for SEC27, RFA2, NSP1, ARP2, OM14, SAR1, RPL2A, RPS9A , and RPL30 (lower left quadrant of Fig. 2A ).
Artifacts in one or more of the assays could also explain the discrepancy: if an excised intron were degraded particularly slowly and sequenced efficiently, that would depress 4tU-seq estimates of splicing speed. Likewise, SMIT could overestimate the fraction of fully spliced transcripts near the 3'SS if splicing intermediates represent a large fraction of slowly spliced transcripts, as they are not detected in this assay (Box 1).
Intron-mediated inhibition may be co-transcriptional
The Rpl30 protein negatively regulates splicing of the RPL30 transcript by binding cotranscriptionally to the intron (Macias et al 2008) . Concordantly, the RPL30 intron is spliced very slowly, with only 24% spliced after 5 minutes as measured by 4tU-seq, however, SMIT reports that RPL30 is 90% spliced when the polymerase has progressed only 70 nucleotides beyond the 3'SS. As suggested above this could be caused by Pol II pausing, with Rpl30-intron binding causing Pol II to pause prior to 3'SS synthesis. The agreement of SMIT saturation with fraction spliced at steady state (Fig. 2D) suggests that, after the hypothesized pause is relieved and Pol II continues past the 3'SS, RPL30 transcripts are spliced co-transcriptionally. Could other intronregulated transcripts be regulated by similar co-transcriptional mechanisms?
The Dbp2 protein negatively regulates its own production by binding to its intron to inhibit splicing (Barta and Iggo 1995) ; its transcript is slowly, yet apparently highly co-transcriptionally, spliced. To investigate at what stage in the transcript's lifetime this regulation might occur, we looked at the SMIT and NET-seq data in more detail (Fig. 3C) . The unspliced SMIT reads decline abruptly ~160nt into the intron, a position coinciding with a T-rich sequence that is presumably hard to align and also locally absent from NET-seq reads. Thus the apparently complete 3'SS-proximal splicing is due to the near-complete absence of unspliced reads near the 3'SS in the SMIT data. However, NET-seq reads continue along the intron and into exon 2, albeit at a low density compared to exon 1, consistent with incomplete passage of Pol II through the intron. Meanwhile, Dbp2 functions as a co-transcriptional RNA chaperone (Ma et al., 2013 (Ma et al., , 2016 . We hypothesize that the intron-mediated negative auto-regulation of DBP2 splicing occurs co-transcriptionally and results in premature termination or cleavage of the nascent transcript.
Likewise, Rps9B protein binds to the RPS9A intron and 3' UTR in chromatin (suggesting that this happens co-transcriptionally) and represses splicing of the RPS9A intron (Petibon et al., 2016) . Nevertheless the RPS9A intron is highly co-transcriptionally spliced (according to SMIT) but with low efficiency (according to nascent RNA-seq). Again, both SMIT and NET-seq show a remarkably low density of reads in exon 2 compared to the intron (Fig. 3D) . Petibon et al further showed that repression of RPS9A splicing is promoter-independent, thus occurs after transcription initiation. We hypothesize that co-transcriptional repression of RPS9A splicing by Rps9b protein may result in Pol II pausing or premature termination. These examples illustrate the rich information that can be obtained by comparing datasets from these different approaches, beyond a simple analysis of splicing efficiency, speed or position. Indeed, comparing the SMIT profiles on individual genes highlights not only the distinction between RPs and other intron-containing genes, but also the 3' ends of the intronic snoRNAs embedded in EFB1 and IMD4 introns (Fig. S1) ,.
More generally, these vignettes emphasize that regulation of transcription is coupled to regulation of splicing.
Splicing affects transcription elongation and Pol II phosphorylation
Our group and others have observed that elongating Pol II can pause while the nascent premRNA is being spliced. Pol II accumulates transiently, in a splicing-dependent manner, near the 3' splice site on reporter genes in budding yeast (Alexander et al., 2010) and certain splicing defects give rise to transcription defects at introns, suggesting a transcriptional elongation checkpoint during co-transcriptional spliceosome assembly (Chathoth et al. 2014) . Furthermore, Carrillo Oesterreich et al. (2010) reported an apparently distinct transcriptional pausing ~250bp downstream of the 3'SS using tiling micro-arrays of a chromatin fraction. It remains unclear how widespread such pausing phenomena are: at which positions, in which genes, in which organisms, and in which conditions, does transcription wait for splicing, and for how long? Does pausing occur both before and after the first catalytic step of splicing?
Evidence from high-throughput datasets is so far mixed. Carrillo Oesterreich et al. (2016) sequenced 3' ends of chromatin-associated RNA in a single experiment, reporting no consistent Pol II accumulation close to the 3'SS or at positions of splicing onset or saturation, that might explain 3'SS proximal splicing. The first NET-seq dataset (Churchman & Weissman 2011) did not disentangle RNA 3' ends that could be caused by Pol II pausing from an abundance of reads at the 3' ends of excised introns. On the other-hand, Harlen et al., (2016) , with higher read-depth, report an excess of NET-seq reads on yeast exons downstream of the 3'SS relative to upstream in the introns, and a peak immediately downstream of the 3'SS, that is interpreted as Pol II pausing. In agreement, Pol II was seen to accumulate after the 3'SS in a splicingdependent manner in human cells with NET-seq (Nojima et al 2015) and with chromatin-derived 3' end targeted RNA-seq (Mayer et al., 2015) .
Splicing also leads to a change in state of the transcription elongation machinery, notably in the modifications of the Pol II CTD. ChIP-qPCR in yeast (Alexander et al., 2010; Chathoth et al., 2014) and ChIP-seq in humans (Nojima et al., 2015) showed a splicing-dependent phosphorylation of Ser5 in the CTD. Furthermore, ChIP-nexus (a modified, more precise, ChIPseq; Harlen et al 2016) reported that Ser5 phosphorylation rises rapidly after the 3'SS in yeast, and Ser5 phosphorylated Pol II is enriched in 5'SS cleaved splicing intermediates in mammalian cells (Nojima et al., 2015) . Applying a hidden Markov model to mCRAC data, Milligan et al (2016) also detected systematic differences between overall modification states of Pol II on intron-containing versus intronless yeast transcripts, with changes of phosphorylation state coinciding with positions of splice sites. (Alexander et al., 2010; Chathoth et al., 2014) that Pol II pausing and phosphorylation could be evidence for splicing-dependent transcriptional checkpoints, implicating quality control of RNA processing in regulating transcription.
Clearly, more extensive and detailed analyses are needed to characterise RNA processingdependent polymerase behaviour genome-wide. If Pol II pausing happens between the first and second catalytic steps of splicing, detecting the pause via sequencing requires splicing intermediates (specifically, intron-exon lariats) to be quantified simultaneously with the endproducts. If a subset of (modified) polymerase pauses transiently for splicing, then the signal is likely to be weak in the pool of total polymerase. If polymerase only pauses on a subset of genes, the signal within metagene analyses will be weak. If polymerase pausing is involved in a regulatory response, or is modulated by environmental stimuli that affect RNA processing, pausing might be rare in some conditions, but common in others.
Which features of a transcript determine the co-transcriptionality or speed of splicing?
Intron-containing transcripts differ in the sequences that directly interact with the spliceosome (5'SS, 3'SS, BP) as well as their promoters, untranslated regions, introns, and coding regions, which can affect splicing by forming RNA secondary structure and/or recruiting regulatory proteins. The ideal sequence predictor would explain a substantial proportion of the genewise variance of all splicing measurements consistently, both for RP and non-RP transcripts. Scoring the 5'SS, 3'SS, or BP sequences against their consensus motifs falls far short of this ideal (Fig.  S2 ). By contrast, higher intron secondary structure (lower ΔG per nt) correlates with splicing being slower and less co-transcriptional (Fig. S2) , consistent with the multi-factorial analysis in Barrass et al (2015) . However, differences between splicing metrics for RP and non-RP genes are more striking than the differences in these predictors.
Future directions
Collectively, the datasets examined here provide compelling evidence that RP transcripts are spliced both faster and more co-transcriptionally than the average transcript. RP genes produce the largest and most abundant class of spliced transcripts in yeast (Ares et al., 1999) , and RP gene expression and splicing are coherently regulated in response to a variety of environmental signals (Pleiss et al., 2007 , Bergkessel et al., 2011 . The majority of RP introns are required for growth in at least one condition (Parenteau et al., 2011) , supporting a regulatory role. RP transcripts are also unusually stable in fast-growth conditions and unusually unstable after glucose starvation (Munchel et al., 2011) . The results discussed here were produced using innovative approaches; how robust will the conclusions seem after further methodological development? Protocols, especially those associated with next-generation sequencing, may need extended optimization to distinguish biological sequence-specific signals from noise and artifacts that arise in both sample preparation and data analysis. Ribosome profiling presents an instructive comparison: the initial analysis for yeast reported that ribosomes do not translate rare codons slowly (Ingolia & Weissman 2009), which was counterintuitive to conclusions from evolutionary biology and biochemistry (Hershberg & Petrov, 2008) . Active debate continued over several years as many groups adjusted experimental and analytical protocols, particularly regarding the use of ribosome-stalling drugs. Now, there is clear evidence that ribosome profiling does quantify slower translation at rare codons (Hussman et al., 2015 , Weinberg et al., 2016 , in agreement with complementary next-generation sequencing approaches (Pelechano et al., 2016) .
Nanopore sequencing of nascent RNA would circumvent the length restrictions of short-read Illumina sequencing; direct RNA sequencing promises to circumvent biases caused by reversetranscription to cDNA (Garalde et al., 2016) . Enrichment of spliced transcripts, analogous to SMIT, might be achievable by real-time selective sequencing on a nanopore sequencer (Loose et al., 2016) .
The work discussed here has quantified splicing and transcription in the model yeast, S. cerevisiae, with unprecedented detail and scope: multiple experimental approaches applied to the same system yield richer insights than any one viewed alone. Do these observations extend to other eukaryotes? For Schizosaccharomyces pombe, fast, co-transcriptional splicing was reported by long-read sequencing (Carrillo Oesterreich et al., 2016) and suggested by 4tU-seq (Eser et al., 2016) . NET-seq in mammals supports co-transcriptional splicing, observing Pol II peaks (interpreted as transcriptional pauses) 3' to a subset of introns (Nojima et al., 2015) and within spliced exons (Mayer et al., 2015) . However, very different efficiencies of cotranscriptional splicing have been reported for Drosophila and mouse (Khodor et al., 2012) . A variety of gene features, including intron, exon and overall gene length, intron position, splice sites and other sequence elements, RNA structure and synthesis rate, contribute to differences in splicing kinetics (Khodor et al., 2012; Barrass et al., 2015; Eser et al., 2016) . Explaining such differences is not simple and, clearly, much remains to be learned. 
Data and Methods
Data were taken from cited publications, where possible with minimal processing to reflect both the experimental and analysis pipelines used. Nascent RNA-seq data by gene (used in Fig. 1 ) were a personal communication from K. Harlen, corresponding to Fig. 6D of Harlen et al., (2016) , and we recomputed the fraction spliced using DICE (Huang and Sanguinetti, 2016), after aligning raw nascent RNA-seq reads from GEO (GSE68484; SRR2046809) to the S. cerevisiae genome using STAR (Dobin et al, 2013) . SMIT data are from Carrillo Oesterreich et al. (2016) Table S1 , and 4tU-seq data from Barrass et al. (2015), Table S7 . SMIT intron:exon ratios in Fig. 2E were calculated by aligning raw reads from GEO (GSE70908; pooled from smit_20genes and smit_extended datasets, excluding short RNA data) to the S. cerevisiae genome using STAR (Dobin et al, 2013) ; SMIT profiles in Figs. 3 and S1 were from the same alignments. Intron lengths in Fig. 2E were taken from Table S8 of Barrass et al (2015) . In Fig.  2F , mRNA abundances were taken from Csardi et al (2015b; scer-mrna-protein-absoluteestimate.txt from data package) and U1 occupancy from Table S4 of Harlen et al. (2016) . NETseq profiles in Fig. 3 are from the bedgraph files (WT_NETseq) in GEO (GSE68484). Data were processed using the statistical language R (R core team), and plotted with ggplot2 (Wickham 2009 
Box 1: Difficulties in detecting all stages of splicing
The pre-mRNA splicing reaction has 2 catalytic steps: in the first step, the 5'SS is cleaved and the lariat intron-exon intermediate species is formed by joining at the branch point (BP), and in the second, the 3' end of the upstream exon is joined to the downstream exon at the 3'SS, resulting in spliced mRNA and an excised lariat intron. Biased detection of these various RNA species complicates analysis in all methods discussed here.
4tU-seq quantifies splicing by the ratio of exonic to all reads for a given RNA, as well as incorporating the unique information from junction reads, implicitly assuming that excised introns are degraded quickly enough that most intronic reads are from unspliced pre-mRNA. Although excised introns are, in general, quickly degraded, some lariats might be degraded on a timescale comparable to that of 4tU-seq measurements. Indeed, some evolutionarily conserved non-coding RNAs, including snoRNAs, are processed from introns, and these may be degraded slowly (Hooks et al 2016) . Therefore, 4tU-seq may under-estimate the rate of splicing for transcripts with stable intron-derived products.
SMIT quantifies splicing by sequencing PCR products that extend from a primer site upstream of the 5'SS to the 3' Pol II position. For splicing intermediates, these sites are not contiguous, and so are not detectable by SMIT. Therefore, SMIT may over-estimate the extent of splicing of transcripts for which lariat intermediates represent a significant fraction of the total (slow second step), and over-estimate the speed of splicing if spliceosome assembly and the first step of splicing occur before the 3'SS is transcribed (first step splicing is possible once the BP becomes available), such that distance from the 3'SS does not reflect all aspects of splicing.
Consider nascent transcripts whose 3' end is at position n. If the true count of pre-mRNA is , splicing intermediates is , and spliced mRNA is , then the fraction that has completed This may explain a puzzle in the SMIT analysis, that some estimates of the position of onset of splicing conflict with structural models. The average position for onset (10% of transcripts spliced) of 26 nts after transcription of the 3' splice site is remarkably soon given that the distance between polymerase and spliceosome active sites is estimated as 24 nts (Carrillo Oesterreich et al., 2016) . Perhaps this is not surprising: in a first-order kinetics approximation of splicing, the relative time or position of splicing would be an exponential distribution, with a mode at the first available point. However, beyond averages, SMIT's quantification algorithm reports that 24 of 87 measured genes have splicing onset less than 24nts after the 3' SS, 9 are 50% spliced by then, and onset is not reported for a further 31 genes.
NET-seq detects Pol II-associated 3' ends of RNA species, including many reads exactly at the 3'SS which are most likely from excised introns attached to spliceosomes that are still associated with Pol II (Harlen et al., 2016) . Interestingly, an earlier NET-seq dataset observed an abundance of 3' end reads exactly at the 5'SS (Churchman and Weissman 2011) , also consistent with a population of splicing intermediates that pull down with elongating Pol II.
Complementary methods quantify splicing intermediates by sequencing, even in wild-type cells (Gould et al., 2016; Qin et al., 2016) . However, these rely on enrichment of lariats, so provide weak information on the kinetics of splicing. Methods that measure all steps of the cotranscriptional splicing reaction simultaneously are thus needed to fill in the gaps in our quantitative understanding of co-transcriptional splicing.
(End of Box 1)
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Figure 1:
Estimates of co-transcriptional splicing, or splicing speed, mostly agree. Methods of measuring nascent RNA are described in the text; here we plot Pearson's correlation between genewise measurements. As expected, higher fraction co-transcriptionally spliced corresponds to smaller position of splicing, so for visual clarity, we reversed the sign of correlations for rows and columns containing position-based measurements (*). Figure S1 : SMIT cumulative profiles for individual genes. Each SMIT read is depicted as a horizontal line from the 5'SS to the 3' end, excluding the intron for spliced transcripts, and ordered by position of 3' end. RP transcripts are at the top, and non-RP transcripts below. Note that transcripts are plotted on distinct scales, with 100 nt scale bar for each, and the gold line depicts the BP position. EFB1 and IMD4 have an accumulation of reads at the 3' ends of their intronic snoRNAs. Figure S2 : Splice site and branch point sequences poorly predict co-transcriptional splicing estimates, but intron secondary structure is more predictive. In each panel, the linear regression and 95% confidence interval of the estimate regressed on the feature are plotted, separately for RP genes (blue) and non-RP genes (red). Co-transcriptional splicing estimates are as in Fig.  2A -C. Motif scores for 5'SS, 3'SS, and BP, and ΔG per nt of the intron, are taken from Barrass et al. (2015) . CMC2   RPL23A   SCS22   RPS11B   ECM33   UBC4   RPL19A   MUD1   RPS6B   RPS9B   RPL21A   OM14   RIM1   RPS14A   ARP2  UBC9   RPL31A   RPL13A   RPS16B   KIN28   HNT1   RPP1B   RPL35BRPL35A   DTD1   MAF1   RPS11A   RPS13   UBC13   SAC6   RUB1   MCM21   KEI1  YRA1   NCB2   RPS17B   RPS18A   RPL27B   RPL37B   GIM4   PMI40   TMA20   RPL34A   RPS24A   AIM11   RPL23B   GLC7   ACT1   RPL2A   RPL30   MMS2   RPL28  SEC27  OST5  TAN1   ERV1   RPL26B   RPS23A   QCR9   RPS0A   RPL14B   QCR10   RPL27A   VPS29   RPS27B   SRB2 BIG1 EPT1   RPL42B   RPS4B   BET1   RPL2B   RPL34B   RPS24B   COX5B   RPL16A   RPL40A   PRE3 APS3  BET4  NSP1   RPS21B   RPL17B   RPL39   RPS14B   NCE101   RPL43B   RPS4A   DID4   RPL14A   RPS27A   RPL17A   CNB1   RPS21A   RPL40B   PCC1   COF1   RPS0B   RPL22A   NYV1   RPL37A   PBA1   SMD2   RPS30A   UBC12   RPL26A   RPL31B  TDA5   RPL6B   PSP2   RPS17A   RPS18B  CGI121   ERV41   RPL6A   TUB1GIM5   TUB3  SEC14 STO1   RPL13B   RPS16A   CMC4   RPL36A   MRPL44   RPS10B   RPL20A   GOT1  HRB1   GPI15   YIP3   RPL16B   RPS7B   DBP2   CPT1  YSF3  LSM7   RPL42A   VPS75   RPL18B  RPS19B   RFA2  RRT8   RPL18A   RPS19A  RPL25   RPS7A   PFY1   RPS30B   RPL33B   RPS10A   RPL20B   PHO85   GCR1   RPL21B   RPS9A   RPS6A   TAF14   RPL33A   SPT14   SAR1   RPL36B   YOP1 CMC2   RPL23A   SCS22   RPS11B   ECM33   UBC4   RPL19A   MUD1   RPS6B   RPS9B   RPL21A   OM14   RIM1   RPS14A   ARP2  UBC9   RPL31A   RPL13A   RPS16B   KIN28   HNT1   RPP1B   RPL35B RPL35A   DTD1   MAF1   RPS11A   RPS13   UBC13   SAC6   RUB1   MCM21   KEI1  YRA1   NCB2   RPS17B   RPS18A   RPL27B   RPL37B   GIM4   PMI40   TMA20   RPL34A   RPS24A   AIM11   RPL23B   GLC7   ACT1   RPL2A   RPL30   MMS2   RPL28  SEC27  OST5 TAN1   ERV1   RPL26B   RPS23A   QCR9   RPS0A   RPL14B   QCR10   RPL27A   VPS29   RPS27B   SRB2  BIG1 EPT1   RPL42B   RPS4B   BET1   RPL2B   RPL34B   RPS24B   COX5B   RPL16A   RPL40A   PRE3 APS3  BET4  NSP1   RPS21B   RPL17B   RPL39   RPS14B   NCE101   RPL43B   RPS4A   DID4   RPL14A   RPS27A   RPL17A   CNB1   RPS21A   RPL40B   PCC1   COF1   RPS0B   RPL22A   NYV1   RPL37A   PBA1   SMD2   RPS30A   UBC12   RPL26A   RPL31B  TDA5   RPL6B   PSP2   RPS17A   RPS18B  CGI121   ERV41   RPL6A   TUB1  GIM5   TUB3  SEC14  STO1   RPL13B   RPS16A   CMC4   RPL36A   MRPL44   RPS10B   RPL20A   GOT1  HRB1   GPI15   YIP3   RPL16B   RPS7B   DBP2   CPT1  YSF3 LSM7   RPL42A   VPS75   RPL18B  RPS19B   RFA2  RRT8   RPL18A   RPS19A  RPL25   RPS7A   PFY1   RPS30B   RPL33B   RPS10A   RPL20B   PHO85   GCR1   RPL21B   RPS9A   RPS6A   TAF14   RPL33A   SPT14   SAR1   RPL36B   YOP1 CMC2   RPL23A   SCS22   RPS11B   ECM33   UBC4   RPL19A   MUD1   RPS6B   RPS9B   RPL21A   OM14   RIM1   RPS14A   ARP2  UBC9   RPL31A   RPL13A   RPS16B   KIN28   HNT1   RPP1B   RPL35B  RPL35A   DTD1   MAF1   RPS11A   RPS13   UBC13   SAC6   RUB1   MCM21   KEI1  YRA1   NCB2   RPS17B   RPS18A   RPL27B   RPL37B   GIM4   PMI40   TMA20   RPL34A   RPS24A   AIM11   RPL23B   GLC7   ACT1   RPL2A   RPL30   MMS2   RPL28  SEC27 OST5   TAN1   ERV1   RPL26B   RPS23A   QCR9   RPS0A   RPL14B   QCR10   RPL27A   VPS29   RPS27B   SRB2  BIG1 EPT1   RPL42B   RPS4B   BET1   RPL2B   RPL34B   RPS24B   COX5B   RPL16A   RPL40A   PRE3 APS3  BET4  NSP1   RPS21B   RPL17B   RPL39   RPS14B   NCE101   RPL43B   RPS4A   DID4   RPL14A   RPS27A   RPL17A   CNB1   RPS21A   RPL40B   PCC1   COF1   RPS0B   RPL22A   NYV1   RPL37A   PBA1   SMD2   RPS30A   UBC12   RPL26A   RPL31B  TDA5   RPL6B   PSP2   RPS17A   RPS18B  CGI121   ERV41   RPL6A   TUB1 GIM5   TUB3  SEC14  STO1   RPL13B   RPS16A   CMC4   RPL36A   MRPL44   RPS10B   RPL20A   GOT1  HRB1   GPI15   YIP3   RPL16B   RPS7B   DBP2   CPT1  YSF3  LSM7   RPL42A   VPS75   RPL18B  RPS19B   RFA2  RRT8   RPL18A   RPS19A  RPL25   RPS7A   PFY1   RPS30B   RPL33B   RPS10A   RPL20B   PHO85   GCR1   RPL21B   RPS9A   RPS6A   TAF14   RPL33A   SPT14   SAR1   RPL36B   YOP1 CMC2   RPL23A   SCS22   RPS11B   ECM33   UBC4   RPL19A   MUD1   RPS6B   RPS9B   RPL21A   OM14   RIM1   RPS14A   ARP2  UBC9   RPL31A   RPL13A   RPS16B   KIN28   HNT1   RPP1B   RPL35B RPL35A   DTD1   MAF1   RPS11A   RPS13   UBC13   SAC6   RUB1   MCM21   KEI1  YRA1   NCB2   RPS17B   RPS18A   RPL27B   RPL37B   GIM4   PMI40   TMA20   RPL34A   RPS24A   AIM11   RPL23B   GLC7   ACT1   RPL2A   RPL30   MMS2   RPL28  SEC27  OST5  TAN1   ERV1   RPL26B   RPS23A   QCR9   RPS0A   RPL14B   QCR10   RPL27A   VPS29   RPS27B   SRB2  BIG1  EPT1   RPL42B   RPS4B   BET1   RPL2B   RPL34B   RPS24B   COX5B   RPL16A   RPL40A   PRE3 APS3  BET4 NSP1   RPS21B   RPL17B   RPL39   RPS14B   NCE101   RPL43B   RPS4A   DID4   RPL14A   RPS27A   RPL17A   CNB1   RPS21A   RPL40B   PCC1   COF1   RPS0B   RPL22A   NYV1   RPL37A   PBA1   SMD2   RPS30A   UBC12   RPL26A   RPL31B  TDA5   RPL6B   PSP2   RPS17A   RPS18B  CGI121   ERV41   RPL6A   TUB1 GIM5   TUB3  SEC14  STO1   RPL13B   RPS16A   CMC4   RPL36A   MRPL44   RPS10B   RPL20A   GOT1  HRB1   GPI15   YIP3   RPL16B   RPS7B   DBP2   CPT1  YSF3  LSM7   RPL42A   VPS75   RPL18B RPS19B   RFA2 RRT8   RPL18A   RPS19A  RPL25   RPS7A   PFY1   RPS30B   RPL33B   RPS10A   RPL20B   PHO85   GCR1   RPL21B   RPS9A   RPS6A   TAF14   RPL33A   SPT14   SAR1   RPL36B   YOP1 
